We evaluated pregnancy outcomes, maternal and fetal/neonatal, during the Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) study.
Type 1 and type 2 diabetes and gestational diabetes mellitus, particularly when there is poor metabolic control, are all known to be associated with increased complications, both in the mother and the neonate (3, 4) . These pregnancies may also result in adverse long-term metabolic consequences for the offspring from developmental programming effects of maternal diabetes and obesity (5, 6) . In addition, pregnancies in healthy girls that occur during the adolescent years are already considered high risk because of increased maternal and fetal/neonatal complications (7) . Therefore, pregnancies occurring in adolescents with type 2 diabetes would be expected to be at especially high risk. However, despite the rising prevalence of pediatric type 2 diabetes, data on rates and outcomes of teenage pregnancy among girls with type 2 diabetes are limited. Such data are critical to understanding how to best care for these youth and their offspring.
The Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) study was a multicenter clinical trial with a broad racial/ethnic and geographic representation in the U.S. and the largest intervention study in youth with type 2 diabetes to date. The TODAY cohort offers, therefore, an opportunity to assess pregnancy rates and outcomes across the spectrum of individuals with youth-onset type 2 diabetes. The rationale, design, and methods (8) ; baseline characteristics of the cohort (9) ; and primary outcome (10) of the TODAY study have been previously reported. The purpose of this article is to report the pregnancy rates, maternal complications, pregnancy outcomes, and fetal/ neonatal outcomes in the female TODAY participants and place these outcomes in the larger context of what is known about pregnancies in young women with diabetes and teenage pregnancy in general.
RESEARCH DESIGN AND METHODS
The TODAY study was a National Institutes of Health-sponsored, three-group, randomized controlled trial to assess the efficacy of treatment options for type 2 diabetes in youth. In summary, the TODAY cohort included 699 youths with type 2 diabetes, defined according to American Diabetes Association criteria, who had the following characteristics: age range 10-17 years, obese or overweight (BMI .85th percentile), islet cell antibody negative, C-peptide positive, type 2 diabetes duration of ,2 years, glycosylated hemoglobin (HbA 1c ) , 8 .0%, and received no diabetes medications other than metformin (MET). TODAY participants were randomized 1:1:1 to receive MET alone; MET plus rosiglitazone (ROSI); or MET plus an intensive family-based lifestyle program (TODAY Lifestyle Program) aimed at improving eating habits, increasing activity level, and weight reduction. The MET and ROSI participants, family, and the study staff were double blinded. The primary end point of the TODAY study was "treatment failure," defined as HbA 1c .8.0% consecutively for a 6-month period or the sustained need for insulin therapy for 3 months after initiating insulin therapy for treatment of acute metabolic decompensation.
Because of the potential use of ROSI, a pregnancy class C medication, the TODAY study protocol and consent form specified that all female participants either used "an acceptable method of birth control," including abstinence, or they would stop receiving study medication. In addition, the study protocol specified that all subjects receive standard diabetes education, including, in female participants, counseling before conception to defer pregnancy until the HbA 1c was under 6% and to plan all pregnancies under medical supervision. A pregnancy test was performed in female participants at every study visit (i.e., every 2 months in year 1 and every 3 months for the remainder of the study). If a study participant was found to be pregnant, the administration of study medications was immediately stopped, and the participant was referred for obstetrical care from a maternal-fetal medicine specialist. Study outcomes were not tracked during pregnancy or lactation, but resumed after the pregnancy and lactation were completed.
Four hundred fifty-two (64.7%) of the enrolled subjects were female, and nearly all were in either Tanner stage IV or V at the time of randomization. Since contraception was a universal recommendation for girls in the TODAY study, only limited data about pregnancies were obtained prospectively. When it was recognized that pregnancy incidence was higher than anticipated, we retrospectively collected self-reported data from the TODAY participants about their pregnancy and its outcome, including any maternal or infant complications. In addition, permission was sought from participants to obtain the mothers' obstetrical records and the infants' birth records for abstraction into standardized data collection forms. Maternal questionnaires reporting pregnancy health and the infant's health were provided by the participants for 60 of 63 known pregnancies. Mothers' records were made available for the 53 pregnancies with known outcomes and not electively terminated, and infant records were available in all 39 live-born infants. Records were available in both of the stillborn infants. This report presents the data for all pregnancies that began after randomization (starting in July 2004) and were completed by the end of the randomized controlled portion of the TODAY trial (February 2011). Participants were followed on average for 3.8 years.
For pregnancies resulting in a live birth, gestational age was classified as early preterm (27 to ,34 weeks), late preterm (34-36 weeks), or term ($37 weeks). Birth weight was classified as large for gestational age (LGA) (.90th percentile), small for gestational age (SGA) (,10th percentile), or appropriate for gestational age using U.S. National Reference Standards (11, 12) . Birth weight was also classified as very low birth weight (,1,500 g), low birth weight (1,500-2,499 g), normal weight (2,500-3,999 g), or macrosomic (.4,000 g) using Centers for Disease Control and Prevention standards.
Statistical Analysis
Descriptive statistics reported are median, minimum, maximum, quartiles, and percentages. Subgroup comparisons were made using the KruskalWallis test for continuous variables and the Fisher exact test or x 2 test for categorical variables. P values ,0.05 are considered statistically significant. No adjustment was made for multiple comparisons, and results should be considered descriptive and exploratory.
RESULTS
Of the 452 female participants enrolled in the TODAY study, 46 (10.2%) had 63 pregnancies. Of these, 33 participants (71%) had a single pregnancy, 9 (19.5%) had two pregnancies, and 4 (8.7%) had three pregnancies (Fig. 1) . No information was available on the seven pregnancies that were electively terminated or on the three participants who were lost to follow-up. Of the remaining 53 pregnancies, there were 14 pregnancy losses; 5 of these were early pregnancy losses or miscarriages, and 9 had inadequate pregnancy duration data. There were 39 live births, 1 at 29 weeks, 5 late preterm deliveries, and 33 term births (Fig. 1) .
A comparison of the TODAY female participants who did and did not experience a pregnancy is shown in Table 1 . Those who became pregnant were older at randomization (15 vs. 13 years of age, P , 0.0001), and, at the time of pregnancy, they were more likely to be living away from their parent's home (P = 0.008) and were more likely to have a lower household income (P = 0.03).
Other demographic characteristics, including ethnic composition, parental education, diabetes duration, BMI, smoking history, TODAY treatment group, HbA 1c at baseline, and the percent of those reaching the primary end point of HbA 1c persistently .8%, were not different between those reporting a pregnancy and those who did not (Table 1) . There was no significant difference in the pregnancy rate across racial/ethnic groups ( Table 1) .
The pregnancy demographics, management, and outcomes are shown in Tables 2 and 3 . The median maternal age was 18.4 years at the time of the first pregnancy, 20.1 years at the time of the second pregnancy, and 22.3 years at the time of the third pregnancy ( Table 2 ). Age at pregnancy was not associated with pregnancy outcome (data not shown). The pregnancies were first identified at a median of 6.2 weeks after the last menstrual period, which is consistent with frequent pregnancy tests performed during the trial. Only 3 participants (5%) reported using contraception prior to the pregnancy, while 45 (75%) reported they had not used contraception prior to the pregnancy. In addition, only eight participants (13.3%) recalled receiving counseling before conception.
The median BMI recorded closest to conception was 35.2 kg/m 2 , the range was 20.3-50.2 kg/m 2 , and 18.6% of participants had BMI .40 kg/m 2 ( Table 2 ). The median HbA 1c closest to conception was 7.0% (53 mmol/mol), and the range was 5.1-13.6% (32-125 mmol/mol). The median gestational age at these HbA 1c levels was 6.2 weeks ( Table 2 ). The median HbA 1c closest to the date of delivery was 6.3% (45 mmol/mol), and the range was 5.1-12.1% (32-109 mmol/mol), although the number of participants with available HbA 1c relatively close to delivery was limited. HbA 1c values during pregnancy, available in only 35 pregnancies (55.6%), showed that the highest HbA 1c recorded was ,6.5% in 37.1%, .6.5% in 62.8%, .7.5% in 48.5%, and .8% in 37.1% ( Table 2) .
The majority of participants (39 [73.6%]) reported receiving prenatal care, but 9 (17.0%) did not provide information about prenatal care (Table 2) . Those reporting prenatal care were more likely to have a term, live-born infant than those who reported no prenatal care or did not provide this information (P = 0.0002) (Supplementary Table 1 ). The two women reporting a stillborn infant both reported receiving prenatal care.
In the 53 pregnancies that were not electively terminated and on which data were available, there were 14 pregnancy losses (26.4%) and 39 live births (Table 3) . Of the 39 live births, 33 were term births (Table 3) . The stillbirth at 27 weeks had a prior genetic quad screen test that was positive for an elevated maternal serum a fetoprotein level, but the examination report at delivery was not available. The pregnancy that resulted in an intrauterine death at 37 weeks was complicated by maternal morbid obesity and hypertension, as well as poor glycemic control (HbA 1c .8%). Autopsy findings in this stillbirth suggested that the cause of death was a thrombosis of one umbilical artery and the umbilical vein resulting in acute fetal circulatory compromise.
Birth weights were available for 37 of the 39 live-born infants (Table 3) . Of these, eight infants (21.6%) were LGA (.90th percentile) and/or macrosomic ($4,000 g), and 2 infants (5.4%) were SGA (,10th percentile).
Of the 44 women reporting on medication use during pregnancy, 6.8% reported taking MET, 72.7% reported taking insulin, and none reported taking the study medication, ROSI, or a statin or an ACE inhibitor. Twelve women (27.3%) reported taking other, nonstudy medications during the pregnancy, including one taking methyldopa for hypertension and two taking oral micronized progesterone.
Data describing maternal and newborn complications derived from 48 pregnancies with available information about complications are shown in Supplementary Tables 2 and 3 . Thirteen women required hospitalization during the pregnancy other than for delivery of the infant. Four mothers had preeclampsia. In addition, 5 women had protein excretion of $300 mg/g creatinine, and 10 women had hypertension during the pregnancy; in 4 of those with hypertension, the hypertension was present before pregnancy, and all 4 of those with preeclampsia had hypertension prior to pregnancy. Another three women had urinary albumin levels of 30 to ,300 mg/g creatinine, which may reflect increased albumin excretion associated with pregnancy. Only six participants had retinal photographs taken before their first pregnancy. Of these, one participant had mild nonproliferative diabetic retinopathy at 4.75 years duration of diabetes; the others had no retinopathy. Twenty-nine participants had retinal photography after their first pregnancy. Of those, eight participants (27.6%) had mild nonproliferative diabetic retinopathy and the others had no retinopathy.
Nine (23%) of the 39 live-born infants required a prolonged hospitalization, that is, a longer hospitalization than the mother. The eight infants with congenital anomalies accounted for most of the prolonged hospitalizations. Six infants (16.7%) had hypoglycemia, three (8.3%) had respiratory distress syndrome, and one (2.8%) had hypocalcemia. None had shoulder dystocia.
Strikingly, among the 39 live births, there were 8 (20.5%) with major congenital anomalies (Table 3) . These anomalies included four cardiac anomalies and four other anomalies (polycystic kidney disease, microcephaly, cleft palate, and jejunal atresia). (See Supplementary Table 4 for the available details of the congenital anomalies.) Congenital anomalies were not reported for miscarriages or stillbirths. In the full-term pregnancies, live births without a congenital anomaly (a desirable outcome, n = 27) were compared with those ending in a miscarriage, stillbirth, preterm delivery, or an infant with a congenital anomaly (an undesirable outcome; n = 26); there was no significant difference in the HbA 1c closest to conception (median 7.5% [range 5. There was a significant difference in desirable outcomes across assigned treatment groups (P = 0.027), with those assigned to the ROSI-plus-MET arm having a higher rate of desirable outcomes (data not shown). None of the participants reported taking ROSI during their pregnancies. There was no 2 ) did not change this result. Finally, 50% of women with unsuccessful pregnancies reported current or prior smoking, whereas only 29.6% of those with successful pregnancies reported smoking; however, this difference was not statistically significant (P = 0.1296).
CONCLUSIONS
This report summarizes pregnancy frequency and outcomes in adolescents and young adults with type 2 diabetes in the TODAY study and reveals that, despite a universal recommendation for contraception or abstinence, 10.2% of female participants experienced a pregnancy during the mean 3.8 years of study participation. Importantly, these adolescents and young women had poor pregnancy outcomes, with 26.4% of pregnancies ending in a miscarriage, stillbirth, or intrauterine death, and 20.5% of the live-born infants having a major congenital anomaly.
The pregnancy rate of 10.2% is consistent with the reported teen pregnancy rate in the U.S. during the time of the TODAY trial (13, 14) . In the TODAY trial, contraception or abstinence was specifically stated as being necessary for participation, and this was explained during the informed consent process. The importance of contraceptive use as well as the importance of delaying pregnancy until the HbA 1c was ,6% was again explained prior to randomization and was emphasized verbally at each subsequent visit. Thus, the very low number of pregnant TODAY study participants who reported using contraception prior to conception (4.8%) is of great concern. It is of particular concern that only eight of the participants with a pregnancy (13.3%) reported remembering that they had received diabetes-specific counseling on the importance of using adequate contraception during the TODAY trial. An improved understanding of the reasons for ongoing pregnancy risk in teens, despite counseling on contraceptive use and the risk to both the mother and the fetus of a pregnancy complicated Values are given as the median (minimum, 25th percentile, 75th percentile, and maximum), median (25th percentile and 75th percentile), or frequency (%). *Median 46 days (minimum 1 day, 25th percentile 29 days, 75th percentile 223 days, and maximum 1,510 days) from conception. **Median 44 days (minimum 1 day, 25th percentile 29 days, 75th percentile 223 days, and maximum 1,892 days) from conception. ***Median 189 days (minimum 4 days, 25th percentile 45 days, 75th percentile 359 days, and maximum 1,720 days) from delivery.
by poorly controlled type 2 diabetes, is an important area for continued study (15, 16) . Past data suggest that perceived side effects of contraception, difficulty in obtaining contraception, an unrealistic plan to abstain from sexual activity, and, importantly, the lack of motivation to postpone childbirth all contribute to infrequent use of contraception among adolescents (17, 18) . The use of long-acting reversible contraception (LARC) could be considered in youth who are at high risk for pregnancy, especially in those also at high risk for discontinuation of oral contraceptive use (19, 20) . Further, the finding that almost 30% of those with one pregnancy during the TODAY study had a subsequent pregnancy is consistent with the current literature and suggests that postpartum use of LARC should be recommended (20, 21) . Our experience with a 10.2% pregnancy rate and poor pregnancy outcomes indicates an urgent need for effective contraception educational programs directed at teens and young women with type 2 diabetes. This includes information about LARC as well as more general education about the effects of obesity and diabetes on the health of the offspring. The pregnancy complication rate among the TODAY youth is similar to that reported in the literature in adult women with either type 2 or type 1 diabetes, including the rate of lateterm pregnancy loss. A large study from England, Wales, and Northern Ireland (3) and a study from the Netherlands (4) reported perinatal infant mortality to be 3-5% in woman of all ages with diabetes, including those with relatively well-controlled type 2 diabetes; this is four times that of the general population and similar to the rate of stillbirths (3.7%) that we report. However, the rate of major anomalies seen in the TODAY study (20.5%) was much higher than the 4.6% reported in adult women from the U.K. (3) . Glycemic control, especially in the 3 months prior to conception and the first trimester of pregnancy, is important in preventing congenital anomalies (22) . HbA 1c within the normal range during this time has been shown to decrease the rate of congenital anomalies in offspring of women with diabetes to one that is indistinguishable from that of the general population (23) . While 25% of the TODAY study participants with HbA 1c reported within this time frame had HbA 1c ,6.0%, most of the remainder had significantly higher levels, including 25% with HbA 1c $9%. These elevated HbA 1 c levels could at least partly explain the increased rate of congenital anomalies. Although there was no significant difference in congenital anomalies when pregnancies were analyzed by HbA 1c levels within 8 weeks of conception, the number of TODAY study participants with pregnancies and congenital anomalies is relatively small. Our small sample size, as well as a high prevalence of other maternal comorbidities associated with congenital anomalies, including obesity and lower socioeconomic status, does not allow us to determine whether poor glycemic control was associated with the high rate of congenital anomalies in our population.
Increased maternal BMI to 35-40 kg/m 2 , even without associated diabetes, was recently reported (24) to be associated with a stillbirth and fetal death rate two to four times higher than expected. Half of the pregnant TODAY study participants had BMI .35 kg/m 2 , and 18.6% had BMI .40 kg/m 2 . Obesity has also been associated with an increase in congenital anomalies, including central nervous system, gastrointestinal, and palatal defects (25) . One study (26) documented an improvement in maternal and neonatal outcomes following bariatric surgery. Although we did not see an association of BMI $35 kg/m 2 with an increase in congenital anomalies or fetal deaths compared with maternal BMI ,35 kg/m 2 , this may be due to small pregnancy numbers. Smoking also increases the odds of congenital anomalies in obese women (25) . Overall, 41% of the TODAY study pregnant youth reported a history of smoking, with 50% of those with unsuccessful pregnancy outcomes reporting being current or prior smokers compared with 29.6% of those with successful pregnancies. In addition, 40% of the participants reporting pregnancy had parents with less than a high school education, and 52.4% were from families with a household income of ,$25,000 per year. Therefore, obesity, smoking, poor socioeconomic status, and poor glycemic control may have all contributed to the high rate of congenital anomalies. Although teen pregnancy has been reported to be associated with adverse pregnancy outcomes (7) , not all studies agree. A report from Ontario, Canada, found lower levels of family income and education in teen pregnancies as well as increased levels of smoking and substance abuse (27) . The TODAY study did not formally assess subjects for substance abuse other that at the time of screening. In the report from Ontario (27) , the rates of preterm birth and fetal death were not different from those of individuals 20-35 years old; however, infants of teens had increased rates of admission to the neonatal intensive care unit for preterm birth. In the TODAY study, fetal loss was not associated with age, but this analysis may have been limited by the small sample size and relatively narrow age range of the participants.
In addition to the individual and family trauma of a pregnancy loss or the birth of a child with a congenital anomaly, a major concern for public health planning is the health impact of poorly controlled maternal type 2 diabetes on the offspring (5). Studies (28) (29) (30) have shown that the offspring of women who are overweight and obese, as well as women with poorly controlled diabetes, are at higher risk for future obesity, diabetes, and other characteristics of the metabolic syndrome in later childhood and as adults. This fetal programming effect is thought to be secondary to epigenetic changes and direct influences on metabolic pathways, adipocyte development, hypothalamic appetite regulatory pathways, mitochondrial function, and changes in pancreatic, hepatic, and nephron development (5, 6, 31) .
To decrease the risks of obesity and metabolic syndrome in the offspring of women with type 2 diabetes, we need better ways to achieve weight loss and glycemic control, especially in youth. These are very difficult goals to accomplish and are often not possible with the currently available therapy (10) . Glucose control before conception is also important to decrease the risks of defects in organogenesis during the 4-6 weeks after conception. This study and others remind us that adolescents may not yet be capable of making fully informed and healthy decisions about the appropriate timing of conception (18) . Physicians caring for adolescents with type 2 diabetes should be continually aware of the need to help teens understand the importance of optimizing the timing of pregnancy to ensure a healthy pregnancy and healthy baby. Ongoing and recurring counseling about the importance of birth control and postponing pregnancy until appropriate glycemic control is established is an important component of caring for adolescent girls with diabetes.
This study is limited by the retrospective collection of much of the pregnancyassociated data. An additional limitation to the study is that some teens and young women did miss one or more study visits and then returned for study visits more regularly. When a participant returned for regular study visits, they were asked about pregnancies and contraception during the time away from the study. Thus, we think it is unlikely that a completed pregnancy occurred during this time without our knowledge, but an early termination or loss may have been unreported by those with regular study visit attendance as well as those missing study visits.
In the observational extension of the TODAY trial, data on new pregnancies are being collected prospectively. Further studies are greatly needed to provide data about pregnancy outcomes and the long-term health of children and youth born to young women with type 2 diabetes. 
